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Introduction:  The purposes of this study were to determine the prevalence of Class II 
(Cl II) subdivision patients, to quantify the change in TMJ complex, and mandibular 
length after treatment was accomplished.  Materials and Methods:  Records of 
consecutive patients who sought orthodontic treatment at Loma Linda University (LLU) 
were screened. Only patients with dental Cl II subdivision that had completed treatment 
with pre- (T1) and post-treatment (T2) cone beam computed tomograms (CBCTs) 
available were evaluated for changes in the TMJ complex position related to Foramen 
Rotundum (TMJ-FR), joint spaces and mandibular length (condylion to genial tubercles). 
Comparisons were made between T1 and T2 as well as Class I (Cl I) and Cl II sides using 
a related samples Wilcoxon signed rank test at α = 0.05. Results:  There were 2130 
patients seen at LLU between 2008-2015.  Four hundred and seventy one (22%) were 
diagnosed with Cl II malocclusions and 104 (5%) were Cl II subdivision. Thirty-six (10 
male and 26 female) patients with a mean age of 17.5 (range = 10.4-64.25) years had 
complete records and were included in this retrospective study. When comparing the Cl I 
and Cl II sides, only mandibular length at T1 was significantly different (p = .023). 
Mandibular lengths at T2 were also significantly longer than at T1 for both Cl I (3.18 
 xii 
mm; p = <.001) and Cl II (3.26 mm; p < .001) sides. Fourteen of 48 FR-TMJ, and 1 of 6 
joint space comparisons between T1 and T2 measurements were statistically significantly 
different (p < .05) but only ranged from 0.36-1.31 mm. Conclusions:  Within the 
confines of this study, Class II subdivision condition and treatment do not seem to be of 
any clinical consequence to the TMJ complex position and joint space. The change in 
mandibular length observed in this study was likely attributed to normal growth.   
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CHAPTER ONE 
REVIEW OF THE LITERATURE 
 The relationship between orthodontics and the TM joint has been and remains an 
important and complex issue for the clinician.1 This relationship necessitates a deeper 
understanding of how orthodontic treatments can affect the joints, which is supported by 
the National Institutes of Health estimate that over 10 million Americans suffer from 
problems of the TMJ.2,3   
  Imaging of the temporomandibular joint has not been common practice for 
asymptomatic orthodontic patients.4 The view of the condyle and the fossa on a 
panoramic film or lateral cephalograms has been the standard as a screening tool, 
followed with specific imaging ordered for the temporomandibular joint, if bony 
abnormalities are discovered.4 There are several imaging modalities that, in more recent 
times, are providing increased diagnostic capabilities to the clinician.  For instance, the 
gold standard for imaging the TM disc is MRI scans.39 These scans allow very high 
quality diagnostic imaging of the soft tissues comprising the joint while eliminating 
ionizing radiation to the patient.39 However, computed tomography (CT) is best for 
assessing osseous changes and produces high resolution images of the bony structures 
comprising the joint. 39  
 More recently an emphasis has been placed on cone beam computer tomography 
(CBCT) as the method of choice for imaging bony abnormalities in the joint.5 CBCT has 
high resolution, in addition to greatly reducing the ionizing radiation from spiral fan 
CT’s.5 The CBCT volume used for most orthodontic assessments includes the right and 
left temporomandibular joints, and therefore both are available for routine review.5  In 
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treatment planning, the orthodontist can evaluate for bony abnormalities or pathology, 
and of condylar position from these images. 5,6,7 
 All three of the imaging modalities are important and several studies have been 
conducted to determine what affect treating patients orthodontically or orthopedically has 
on the TMJ. 29,30  Also, there have been several studies that have reported joint positions, 
volumes, and morphologies in patients who have assorted malocclusions, specifically 
Class I, Class II Div. I and II (with or without subdivisions), and Class III 
malocclusions.12-14,24,25   
 Some relevant studies used computer tomography (CT) to analyze TM joint 
positions.  One such study analyzed 30 subjects with Class II Div. I subdivision 
malocclusions.  Sagittal images were used to assess the depth of the mandibular fossa, the 
angulation of the posterior wall of the articular tubercle, the condyle-fossa relationship, 
and the concentric position of the condyles associated with this malocclusion. After 
measuring both Class I and Class II sides it was concluded that no statistically significant 
asymmetries were found in the depth of the mandibular fossa, the angulation of the 
posterior wall of the articular tubercle, or the condyle-fossa relationship. However, a 
statistically significant anterior positioning of the condyles was observed.24 
 Another study utilized axial CT scans to investigate the condyle-fossa relationship, 
the concentric position of the condyles, and the dimensional and positional symmetries 
between the right and left condyles in Class II Division 1 and Class III malocclusion 
samples. Thirty subjects in the Class II Division 1 malocclusion sample were measured to 
determine the distance of condylar process/mid-sagittal plane and posterior articular 
spaces.  Statistically significant differences were found between the right and left sides. 
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In the Class III sample, there was no statistically significant difference between sides. 
Evaluation of the concentric position of the condyles in their mandibular fossae showed 
non-concentric positioning for the right and left sides in both the Class II and Class III 
malocclusion groups.25    
 In addition to the TM joint position studies, morphometric studies have been 
instrumental in propelling the knowledge base in this area forward.  A very detailed and 
extensive study by Katsavrias demonstrated with axially corrected tomograms of patients 
with Class II Div II and Class III that there is an intimate link between form and function, 
and the morphology of the TMJ complex may be correlated to functional forces.26 
 CBCT is a major contender in these imaging modalities in that it exposes the 
patient to less radiation than spiral fan CT (up to a 98% reduction) but gives more detail 
of bone structures than MRI, is less costly, and time consuming.8,9  Cone beam computed 
tomography technology was first introduced by NewTom 9000 (QR srl, Verona, Italy) in 
the US in 200110. CBCT is becoming more utilized in in many dental specialties because 
of it’s superior diagnostic capabilities.5,8,9  As a 3D rendition, CBCT offers an undistorted 
view of the dentition and surrounding structures that conventional 2D radiography 
cannot.11  The adoption of CBCT in orthodontics is becoming the imaging protocol of 
choice for comprehensive treatment due to its extensive applications.5   
 With all factors taken into consideration, the CBCT imaging modality is probably 
the most accurate in performing joint position studies. 12-14 A recent study of the TMJ 
complex, which was performed using lateral tomograms for Class II Division 2 
malocclusions.  They concluded that some joint components such as eminence height 
with eminence inclination, eminence height with ramus inclination, eminence inclination 
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with ramus inclination, and fossa anteroposterior dimensions are highly correlated with 
each other.12 
  Another recent study compared the volume and the shape of mandibular condyles 
which were classified in three groups on the base of ANB angle: skeletal class I, skeletal 
class II, and skeletal class III. Left and right TMJs of each subject were evaluated 
independently with CBCT.13 The authors found that skeletal class appeared to be 
associated to the mandibular condylar volume and to the mandibular condylar area in this 
orthodontic population. Specifically, class III patients had the highest condylar volume 
and class II had the lowest volume.13 
 A study performed by Minich, et al. using CBCT on patient with Class II 
subdivision patients showed the skeletal and dental differences were significant when 
comparing the Class I and II sides and that two thirds of the total asymmetry was of 
dental etiology.14 
 The previous studies are correlated with using CBCT to determine joint position 
and morphology, however there is little literature that has been published dealing with 
incidence of Class II subdivision malocclusions and effect of corrective treatment 
modalities, regardless of joint positions.  One of the few studies to date was conducted on 
patients according to midline position, and dental or skeletal etiology.15  It was 
determined that half of the patients treated had mandibular asymmetry, the midlines of 
treated patients were not always corrected, and the mandibular proclination was increased 
when fixed functional appliances were used.15 
 Due to the dentoalveolar or skeletal asymmetries involved in Class II subdivision 
patients, clinicians have historically found it somewhat difficult to treat this particular 
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malocclusion.16,17  Most studies have found that the asymmetries are often dentoalveolar, 
however, the skeletal asymmetries can be significant in determining the treatment 
modalities for these patients. 15,17-19  
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CHAPTER TWO 
TREATMENT OUTCOMES OF PATIENTS WITH UNILATERAL CLASS II 
MALOCCULSIONS: A CBCT STUDY 
 
Abstract 
Introduction:  The purposes of this study were to determine the prevalence of Class II 
(Cl II) subdivision patients, to quantify the change in TMJ complex, and mandibular 
length after treatment was accomplished.  Materials and Methods:  Records of 
consecutive patients who sought orthodontic treatment at Loma Linda University (LLU) 
were screened. Only patients with dental Cl II subdivision that had completed treatment 
with pre- (T1) and post-treatment (T2) cone beam computed tomograms (CBCTs) 
available were evaluated for changes in the TMJ complex position related to Foramen 
Rotundum (TMJ-FR), joint spaces and mandibular length (condylion to genial tubercles). 
Comparisons were made between T1 and T2 as well as Class I (Cl I) and Cl II sides using 
a related samples Wilcoxon signed rank test at α = 0.05. Results:  There were 2130 
patients seen at LLU between 2008-2015.  Four hundred and seventy one (22%) were 
diagnosed with Cl II malocclusions and 104 (5%) were Cl II subdivision. Thirty-six (10 
male and 26 female) patients with a mean age of 17.5 (range = 10.4-64.25) years had 
complete records and were included in this retrospective study. When comparing the Cl I 
and Cl II sides, only mandibular length at T1 was significantly different (p = .023). 
Mandibular lengths at T2 were also significantly longer than at T1 for both Cl I (3.18 
mm; p = <.001) and Cl II (3.26 mm; p < .001) sides. Fourteen of 48 TMJ-FR, and 1 of 6 
joint space comparisons between T1 and T2 measurements were statistically significantly 
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different (p < .05) but only ranged from 0.36-1.31 mm. Conclusions:  Within the 
confines of this study, Class II subdivision condition and treatment do not seem to be of 
any clinical consequence to the TMJ complex position and joint space. The change in 
mandibular length observed in this study was likely attributed to normal growth.   
 
Introduction 
 The relationship between orthodontics and the TM joint has been and remains an 
important and complex issue for the clinician.1 This relationship necessitates a deeper 
understanding of how orthodontic treatments can affect the joints, which is supported by 
the National Institutes of Health estimate that over 10 million Americans suffer from 
problems of the TMJ.2,3   
 Imaging of the temporomandibular joint has not been common practice for 
asymptomatic orthodontic patients.4 The view of the condyle and the fossa on a 
panoramic film along with a lateral cephalometric film has been the standard as a 
screening tool for many years.4 There are several imaging modalities that, in more recent 
times, are providing increased diagnostic capabilities to the clinician.  Recently, an 
emphasis has been placed on cone beam computer tomography (CBCT) as the method of 
choice for diagnosing bony abnormalities in the joint.5 CBCT image quality and 
resolution is high, in addition to greatly reducing the ionizing radiation to the patient. The 
CBCT volume used for orthodontic assessment will generally include the right and left 
temporomandibular joints, and therefore both are available for routine review.5 In 
treatment planning the orthodontist can evaluate for bony abnormalities or pathology and 
get an indication of condylar position or morphology from these images.5,6,7 
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 Cone beam technology was first introduced in the European market in 1996 
NewTom 9000, QR, srl, Verona, Italy and in the US market (Loma Linda University) in 
20018. CBCT is a major contender in these imaging modalities in that it exposes the 
patient to less radiation than CT (up to a 98% reduction) but gives more detail of bone 
structures than MRI, is less costly, and time consuming9,10. CBCT is becoming more 
utilized in in many dental specialties because of its superior diagnostic capabilities.5,9,10  
CBCT images can be viewed as a 2D or 3D rendition which provides a 1:1 image 
geometry allowing for extremely accurate visualizations, measurements of structures, and 
overall superior diagnostic capabilities.5,11   One author has stated that the adoption of 
CBCT in orthodontics is the imaging protocol of choice for comprehensive treatment due 
to its extensive applications.5   
 With all factors taken into consideration, the CBCT imaging modality is probably 
the most adequate in performing joint position studies. 12-14 This is exemplified by a study 
of the TMJ complex, which was performed using corrected lateral tomograms from a 
CBCT image for Class II Division 2 malocclusions.  They concluded that some joint 
components such as eminence height with eminence inclination, eminence height with 
ramus inclination, eminence inclination with ramus inclination, and fossa anteroposterior 
dimensions are highly correlated with each other.12 
  Another recent study compared the volume and the shape of mandibular condyles 
which were classified in three groups on the base of ANB angle: skeletal class I, skeletal 
class II, and skeletal class III. Left and right TMJs of each subject were evaluated 
independently with CBCT.13 The authors found that the skeletal class appeared to be 
associated to the mandibular condylar volume and to the mandibular condylar area in this 
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orthodontic population. Specifically, class III patients had the highest condylar volume 
and class II had the lowest volume.13 
 A study performed by Minich, et al. using CBCT on patient with Class II 
subdivision patients showed the skeletal and dental differences were significant when 
comparing the Class I and II sides and that two thirds of the total asymmetry was of 
dental etiology.14 
 The previous studies are correlated with using CBCT to determine joint position 
and morphology, however there is little literature that has been published dealing with 
incidence of Class II subdivision malocclusions and efficacy of corrective treatment 
modalities.  One of the few studies to date was conducted on patients according to 
midline position, and dental or skeletal etiology.15  It was determined that half of the 
patients treated had mandibular asymmetry, the midlines of treated patients were not 
always corrected, and the mandibular proclination was increased when fixed functional 
appliances were used.15 
 Due to the dentoalveolar or skeletal asymmetries involved in Class II subdivision 
patients, clinicians have historically found it somewhat difficult to treat this particular 
malocclusion.16,17  Most studies have found that the asymmetries are often dentoalveolar, 
however, the skeletal asymmetries can be significant in determining the treatment 
modalities for these patients. 15,17-19  
 In our study we wanted to look specifically at the Class II subdivision malocclusion 
regardless of the skeletal or dental etiology to determine what effect treatment had on the 
temporomandibular joint (TMJ) complex.   
 Therefore, the purposes of this study are: 
 10 
1.) To determine what percentage of patients seen at Loma Linda University 
Graduate Orthodontics have a Class II subdivision dental malocclusion. 
2.) Common modalities of corrective treatment.  
 3.) To quantitatively determine and compare the position of the condyles in 
patients with Class II subdivision, before and after treatment.  
 
Hypothesis 
 The null hypothesis is that there is no difference in the TMJ complex between 
Class I and Class II sides before and after treatment regardless of dental or skeletal 
etiology or treatment modality.   
 
Materials and Methods 
 
This study was approved by the International Review Board of Loma Linda 
University. Pre-treatment and post-treatment CBCT (NewTom 3G, NewTom 5G, QR, srl, 
Verona, Italy) images and constructed lateral cephalometric images of patients exhibiting 
unilateral Class II malocclusions were used in this analysis.  All patients in this study 
were treated at the Loma Linda University, Graduate Orthodontic Clinic.  Standard 
protocol at the Graduate Orthodontic Clinic for patients needing full treatment includes: 
A lateral cephalometric and CBCT image at (T1) prior to treatment initiation and a post-
treatment (T2) lateral cephalometric and CBCT image.   
 
Data Collection 
A data base search using the practice management software, Edge™ (Ortho2, 
Ames, Iowa) was used to obtain the records of consecutive patients who sought 
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orthodontic treatment at Loma Linda University (LLU).  Patients were selected based on 
a dental Class II subdivision malocclusion and completion of treatment.  Of these patients 
the following data was collected: 
 1. Chart number 
 2.  Sex 
 3.  Age at start of treatment (years) and treatment duration (months) 
 4.  Type of treatment accomplished 
 5.  Lateral cephalometric analysis to determine skeletal Class II 
 6.  CBCT cuts of the TMJ at T1 and T2 
 The following information was also gathered:  (1) descriptive statistics performed 
to determine the percentage of patients seen in the Loma Linda University Graduate 
Orthodontic Clinic, which had Class II subdivision malocclusions.  (Class I molar 
relationships were defined as the mesial buccal cusp of the maxillary first molars 
occluding with the mesiobuccal groove of the mandibular first molars, ±0.5mm.  Class II 
molar relationships were defined as end on occlusion to full step Class II—buccal groove 
of mandibular first molars are distally positioned to the mesiobuccal cusp of the 
maxillary first molars).  (2) The proposed treatment along with the actual treatment was 
evaluated and the final outcomes recorded.  (3) Only patients with dental Class II 
subdivision that had completed treatment with pre- (T1) and post-treatment (T2) CBCTs 
were evaluated for changes in the TMJ complex position related to Foramen Rotundum 
(TMJ-FR), joint spaces and mandibular length (condylion to genial tubercles).  
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Lateral Cephalometric Images 
 Class II subdivision malocclusion patients were further separated into patients:  
with a skeletal component and without a skeletal component.  This was determined by 
using the analysis tracing software Quick Ceph Studio™ (Quick Ceph Systems, San 
Diego, CA) to construct the Steiner measurement ANB (Figure 2).  A designation of 
skeletal class I or II was given when the ANB angle was ≤ 4.0o and ≥ 4.1o respectively.   
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Figure 1.  Lateral Cephalometric Steiner ANB analysis. 
 
3D CBCT Images 
 From all skeletal and dental Class II subdivision patients, 2D multiplanar images 
and 3D measurements from the CBCT were computed to determine the changes that 
occurred during treatment in correcting the malocclusion.  This was accomplished using 
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the imaging software NNT™ (QR, srl,Verona, Italy) and DICOM viewer software OsiriX 
MD™, (Pixmeo, Geneva, Switzerland) as follows:  
1) All (T1) and (T2) full volume CBCT images were oriented using NNT software.  
Orientation of the cranial images was as follows: (a) The sagittal view was 
oriented by paralleling the Frankfort plane to the inferior boarder of the computer 
screen. (b) The coronal view was oriented by paralleling the infraorbital rims to 
the inferior boarder of the computer screen. (c) Lastly, the axial view was oriented 
using an imaginary line drawn from ANS to PNS and centering that vertically in 
the image (Figure 2).  
 
 
Figure 2.  Depiction of centering ANS-PNS vertically. 
 
2) After obtaining the oriented full volume DICOMs, OsiriX MD software was used 
to identify the landmarks, coordinate and record in the axial view the following 
sequence (Figures 3-7): 
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1. Right Foramen Rotundum. Determined by locating the center point of the 
canal at the most posterior aspect. 
2. Right Condylion. Modified to be the most superior aspect of the condyle.  
3. Right anterior of condyle. Finding the most mesial aspect of the condyle 
located within the glenoid fossa.  
4. Right posterior of condyle. Finding the most distal aspect of the condyle 
located within the glenoid fossa. 
5. Right anterior of glenoid fossa. This landmark was placed in the same medio-
lateral and vertical plane as the mesial of the condyle. The most anterior 
aspect of the fossa was used as a guide for placing in the anterior-posterior 
plane.  
6. Right posterior of glenoid fossa.  This landmark was placed in the most 
posterior aspect of the fossa in the same medio-lateral and vertical plane as the 
distal of the condyle.  
7. Right superior of fossa.  This landmark was chosen to be in the same medio-
lateral, and anterior-posterior plane as condylion, while being placed using the 
most superior aspect of the glenoid fossa. 
8. Left Foramen Rotundum. Same as 1. 
9. Left Condylion. Same as 2. 
10. Left anterior of condyle. Same as 3. 
11. Left posterior of condyle. Same as 4. 
12. Left anterior of Glenoid fossa. Same as 5. 
13. Left posterior of Glenoid fossa. Same as 6. 
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14. Left superior of fossa. Same as 7. 
15. Center point of genial tubercles. This landmark was chosen to be between the 
genial tubercles slightly posterior to the intermediate lingual foramen. 
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Figure 3. Axial and sagittal view of Right Foramen Rotundum. Determined by locating 
the widest portion of the canal (center point) at the most posterior aspect of the canal.  
Note: 1) The point used to depict the landmark is oversized for the purposes of 
visualizing the landmarks better. 2) The ROI is shown here to help understand the 3D 
aspect of the point propagation and computed measurements. 
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           Figure 4. Right (modified) Condylion. Most superior aspect of the condyle  
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Figure 5.  Right anterior of condyle. Finding the most anterior aspect of the condyle 
located within the glenoid fossa. Right posterior of condyle. Finding the most posterior 
aspect of the condyle located within the glenoid fossa. Right anterior of Glenoid fossa. 
This landmark was placed in the same medio-lateral and vertical plane as the mesial of 
the condyle. The most anterior aspect of the fossa was used as a guide for placing the 
anterior-posterior plane. Right posterior of Glenoid fossa.  This landmark was placed in 
the most posterior aspect of the fossa in the same medio-lateral and vertical plane as the 
posterior of the condyle.  
 
 
 
 
 20 
 
 
 
Figure 6.  Right superior of the glenoid fossa.  This landmark was chosen to be in the 
same medio-lateral, and anterior-posterior plane as the condylion, while being placed 
using the most superior aspect of the glenoid fossa. 
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Figure 7. Center point of Genial Tubercles. This landmark was chosen to be between the 
genial tubercles and slightly posterior to the intermediate lingual foramen. 
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 After the above landmarks were found on both the right and left sides, the 
following linear measurements were computed subtracting the recorded coordinates and 
obtaining the absolute values between the landmarks: 
1. Foramen Rotundum to condylion (FR-Co) 
2. Foramen Rotundum to anterior of condyle (FR-Ac) 
3. Foramen Rotundum to posterior of condyle (FR-Pc) 
4. Foramen Rotundum to anterior of fossa (FR-Af)  
5. Foramen Rotundum to posterior of fossa (FR-Pf) 
6. Foramen Rotundum to superior of fossa (FR-Sf) 
7. Condylion to the genial tubercles (Co-Ge) 
8. Mesial of condyle to anterior of fossa (Mc-Af) 
9. Distal of condyle to posterior of fossa (Pc-Pf) 
10. Condylion to superior of the fossa (Co-Sf) 
 The computed measurements from foramen rotundum to the TMJ complex 
(condyle and glenoid fossa) and mandibular length (Co-Ge) which are seen in 1-7, were 
expressed in X (medio-lateral), Y (anterior-posterior), Z (vertical) as well as overall 3D 
[(X2+Y2+Z2)1/2] dimensions.  The joint space measurements: 8-9 were expressed in Y 
(anterior-posterior) only, and measurement 10 was expressed only in Z (vertical) 
dimensions. The previous figures show how the 2D multiplanar images were determined 
using the anatomical landmarks and were measured by propagating points throughout the 
full volume in the axial view (Figure 3-7). 
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Statistical Analysis 
 The intra-examiner reliability of the measurements were determined by using 
double assessments of each parameter at T1 on 12 randomly (Randomness and Integrity 
Services Ltd. at www.random.org) selected patients taken at least 3 weeks apart and 
expressed as the intra-class correlation coefficient (ICC). Means and standard deviations 
were calculated for each parameter. T1 and T2 lateral cephalometric and CBCT data were 
analyzed by using the Related Samples Wilcoxon Signed Rank test at α = .05. 
Descriptive statistics were used to determine percentages of the patient population that 
were unilateral Class II malocclusions, amount of correlation between treatment 
modalities from diagnosis to clinical treatment, and percentage of differing types of 
appliances used on the patients in this study. 
  
Results 
There were 2130 patients seen at LLU between 2008-2015.  Four hundred and 
seventy one (22%) were diagnosed with Class II malocclusions and 104 (5%) were Class 
II subdivision. Thirty-six patients (10 males and 26 females) with a mean age 17.5 (range 
= 10.4-64.25) years had complete records and were included in this retrospective study. 
Average treatment time for the patients in this study was 30 months with a range of 11-56 
months (Table 1).  
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Table 1.  Means, standard deviations, and ranges. 
 
 
 
Interclass Correlation Coefficients 
Measurements for this study proved to have almost perfect agreement based on  
interclass correlation coefficients above 0.95 for the ANB measurements (Table 2).  
Measurements involving the TMJ also had very high agreement as the majority of 
variables were above an ICC of 0.800.  However, there were a few measurements that 
demonstrated lower reliability but were well within the range for substantial agreement 
according to Landis and Koch20.  These measurements were the T1 LMc-Mf at 0.757, 
RCo-Cf at 0.780, RFR-Dc at 0.761, and RFR-Df at 0.761.  (Table 3 and Figure 8).  
 
Table 2. Intraclass Correlation Coefficients (ICC) of ANB measurements 
 
Measure T1 ICC T2 ICC 
ANB 0.959 0.973 
 
 
 
 
 
 
 
 
 
 
 
 Mean and SD Range 
Age (year) 17.5 ± 12.2 10.4 - 64.25 
Treatment time (months) 30 ± 10 11 - 56 
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Table 3.  Intra-class Correlation Coefficients (ICC) of CBCT measurements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Measure (Left) T1 ICC Measure (Right) T1 ICC 
Co-Sf (Z) 0.941 Co-Sf (Z) 0.780 
Co-Ge (X) 0.993 Co-Ge (X) 0.986 
Co-Ge (Y) 0.891 Co-Ge (Y) 0.850 
Co-Ge (Z) 0.992 Co-Ge (Z) 0.957 
Pc-Pf (Y) 0.886 Pc-Pf (Y) 0.830 
FR-Sf (X) 0.967 FR-Sf (X) 0.968 
FR-Sf (Y) 0.886 FR-Sf (Y) 0.892 
FR-Sf (Z) 0.951 FR-Sf (Z) 0.881 
FR-Co (X) 0.967 FR-Co (X) 0.968 
FR-Co (Y) 0.886 FR-Co (Y) 0.888 
FR-Co (Z) 0.956 FR-Co (Z) 0.847 
FR-Pc (X) 0.892 FR-Pc (X) 0.761 
FR-Pc (Y) 0.911 FR-Pc (Y) 0.908 
FR-Pc (Z) 0.966 FR-Pc (Z) 0.932 
FR-Pf (X) 0.892 FR-Pf (X) 0.761 
FR-Pf (Y) 0.949 FR-Pf (Y) 0.910 
FR-Pf (Z) 0.966 FR-Pf (Z) 0.933 
FR-Ac (X) 0.849 FR-Ac (X) 0.857 
FR-Ac (Y) 0.912 FR-Ac (Y) 0.925 
FR-Ac (Z) 0.964 FR-Ac (Z) 0.902 
FR-Af (X) 0.849 FR-Af (X) 0.857 
FR-Af (Y) 0.922 FR-Af (Y) 0.937 
FR-Af (Z) 0.964 FR-Af (Z) 0.902 
Ac-Af (Y) 0.757 Ac-Af (Y) 0.921 
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Figure 8. T1 ICC Ranges of right and left sides of the 48 parameters respectively. 
 
 
 
Treatment Correlations 
Original treatment plans of Class II subdivision malocclusion patients were 
recorded and compared to treatment notes to establish how well the two correlated (Table 
4).  Original treatment plans which corresponded with the actual treatment had an overall 
74% correlation.   
Perusing the clinical treatment notes further, it was discovered that twenty-eight 
patients utilized unilateral and bilateral Class II elastics as the primary treatment modality 
(77%).  Nineteen patients were treated with maxillary molar distalizing appliances (52%). 
An extraction(s) treatment approach was applied to ten patients (28%).  Four patients 
utilized a fixed Class II corrector (11%).  Nineteen patients were prescribed unilateral 
treatment mechanics (53%) (Figure 9).  Six patients were treatment planned to have an 
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orthognathic surgical consultation but only one was referred.  There were no patients in 
this study that underwent any orthognathic surgical corrections. 
The final results revealed that twenty-six patients finished in bilateral Class I 
(75%), seven remained a unilateral Class II (19%), and two finished bilateral Class II 
(6%) (Figure 10).  Twenty-two patients finished bilateral canine Class I (61%) (Table 5). 
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Table 4. Correlation between original treatment plan and treatment notes. 
Patient Original Cl II Tx Plan Actual Cl II Tx Unilateral Cl II Tx
101 QH, Cl II E’s QH, Cl II E’s None
102 Exts, QH, TADS, Cl II E’s QH, Exts, Cl II E’s Class II E's
103 Exts Exts, Forsus, Cl II E's None
104 T-Rex, Ext T-Rex, Ext T-Rex
105 Pendulum Pendulum, Cl II E’s Pendulum, Cl II E's
106 QH QH, Cl II E’s None
107 Exts, OSC,  Cl II E’s Exts, Cl II E’s None
108 QH, JJ,  E’s QH, Cl II E’s Cl II E's
109 MARA MARA, Cl II E’s Cl II E's
110 Cl II E’s Cl II E’s, Forsus Cl II E's
111 Pendex, HG, Cl II E’s T-Rex, Cl II E’s, HG None
112 None Cl II E's None
113 Exts Cl II E's Cl II E's
114 QH, Cl II E's QH, Cl II E’s Cl II E's
115 Ext Ext, Cl II E’s Cl II E's
116 Exts, OSC, QH, Cl II E’s QH, Cl II E’s Cl II E's
117 None Cl II E’s None
118 QH, Cl II E's QH, Cl II E’s Cl II E's
119 OSC, TADs, Class II E’s OSC, Exts, Cl II E’s None
120 Exts, Cl II E’s Exts None
121 QH, Cl II E’s QH, Cl II E’s None
122 T-Rex T-Rex, HG, Cl II E’s None
123 Finish Cl II on right side Finished Cl II on right side Cl II E's
124 Cl II E’s Cl II E’s Cl II E's
125 Exts Exts, Cl II E’s Cl II E's
126 Class II E’s Class II E’s Cl II E's
127 T-Rex T-Rex, Class II E’s T-Rex, Cl II E's
128 Ext, QH, Cl II E’s Ext, QH None
129 ACCO, HG Pendulum, HG, TFS None
130 Ext, Cl II E’s Pendulum, Cl II E’s Pendulum, Cl II E's
131 OSC, Ext Ext, Cl II E’s None
132 ACCO, HG ACCO, HG None
133 QH, Exts, Cl II E’s QH, Exts, Cl II E’s None
134 Cl II E's Cl II E's Cl II E's
135 OSC, QH QH, Cl II E’s Cl II E's
136 OSC, E’s None, Patient finished in Cl 
II
None
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Figure 9.  Breakdown of treatment modalities in dental Cl II subdivision 
patients. 
 
 
Figure 10.  Molar relationships at end of treatment. 
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Table 5.  Canine classification and midline coincidence at T2  
Patient Right Canine Left Canine Midlines On Incisor ext.
101 Cl I Cl II (-1mm) No
102 Cl III (+2mm) CL III (+2mm) No
103 Cl I Cl I Yes
104 Cl III (+1mm) Cl I Yes
105 Cl I Cl I Yes
106 Cl I Cl I Yes
107 Cl I Cl I Yes
108 Cl I Cl I Yes
109 Cl II (-1.5) Cl I No
110 Cl I Cl I Yes
111 Cl I Cl I yes
112 Cl II (-2mm) Cl II (-2mm) No
113 Cl II (-3mm) Cl I Yes
114 Cl I Cl I No Yes
115 Cl I Cl I Yes Yes
116 Cl I Cl I Yes
117 Cl II (-0.5) Cl II (-0.5) No
118 Cl II (-0.5) Cl II (-0.5) No
119 Cl I Cl I Yes
120 Cl I Cl II (-1mm) Off
121 Cl I Cl I Yes
122 Cl I Cl I Yes
123 Cl I Cl I Yes
124 Cl I Cl I No
125 Cl I Cl I No
126 Cl II (-1mm) Cl II (-1mm) Yes
127 Cl I Cl I Yes
128 Cl I Cl I No
129 Cl II (-1mm) Cl I No
130 Cl II (-1mm) Cl I No
131 Cl I Cl II (-1mm) Yes
132 Cl I Cl I Yes
133 Cl I Cl I No
134 Cl I Cl I No
135 Cl I Cl I Yes
136 Cl II (full) Cl II (full) Yes Yes  
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Lateral Cephalometric Analysis 
 
Table 6. Number of patients and skeletal classification at T1 and T2 along with ANB 
averages, SD and Ranges 
 
Category Patients (T1) Patients (T2) 
Skeletal Class I 15 (42%) 19 (53%) 
Skeletal Class II 21 (58%) 17 (47%) 
Avg ANB angle ± SD and Range 5.0o ± 2.4o [1.3º - 10.7º] 4.4o ± 2.2o [1.0º -10.7º] 
 
 
With treatment, five patients, who started out with a skeletal Class II became a 
skeletal Class I.  One patient that started pre-treatment as a skeletal Class I became a 
skeletal Class II during treatment.  
 
3D CBCT Images 
The CBCT images were evaluated using a Related Samples Wilcoxon Signed 
Ranks Test.  This repeated measurements analysis was used to demonstrate the 
comparisons across the time points (T1 and T2) between the Class I and Class II sides 
respectively, as well as the Class I and Class II sides at T1 and T2 respectively, 
throughout the 124 varying measures.  The means, standard deviations, and P-values of 
all measured parameters at T1 and T2 in X, Y, Z coordinates as well as an overall 3D 
position, were included (Table 7-16).   
When comparing the Class I and Class II sides, only the overall measurement of 
mandibular length (Co-Ge) at T1 were significantly different (p = .023) at 0.56mm.  The 
mandibular vertical lengths (Co-Ge Z) at T2 were significantly longer than at T1 for both 
Class I (4.89mm; p = .003) and Class II (5.61mm; p = .001) respectively.  Mandibular 
lengths (Co-Ge, overall) at T2 were also significantly longer than at T1 for both Cl I 
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(3.18 mm; p = <.001) and Cl II (3.26 mm; p < .001) sides. Fourteen of 48 TMJ-FR, and 1 
of 6 joint space comparisons between T1 and T2 measurements were statistically 
significantly different (p < .05) but only ranged from 0.36-1.31 mm (Tables 7-16). 
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Table 7.  Comparison of the foramen rotundum to condylion distance using 
Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 29.45 ± 3.25             
[23.44 - 36.16]
29.99 ± 2.84            
[25.18 - 37.67]
0.140
Class II 30.24 ± 3.11           
[23.37 - 36.91]
30.68 ± 2.95           
[25.12 - 37.05]
0.258
P-value 0.182 0.300
Time point T1 T2 P-value
Class I 20.12 ± 3.95             
[12.97 - 26.64]
20.50 ± 4.09           
[12.84 - 30.48]
0.551
Class II 20.04 ± 4.15           
[13.09 - 28.00]
20.45 ± 4.09           
[13.26 - 31.89]
0.177
P-value 1.000 0.718
Time point T1 T2 P-value
Class I 6.54 ± 3.62                 
[0.26 - 16.68]
6.22 ± 3.41                 
[1.20 - 14.04]
0.371
Class II 6.56 ± 2.83                
[1.07 - 12.48]
5.87 ± 3.18               
[0.30 - 12.87]
0.162
P-value 0.789 1.000
Time point T1 T2 P-value
Class I 36.65 ± 3.20         
[31.18 - 43.30]
37.21 ± 3.12                 
[31.78 - 43.23]
0.007*
Class II 37.17 ± 3.37                
[30.78 - 45.14]
37.67 ± 3.09               
[31.30 - 45.35]
0.020*
P-value 0.187 0.258
Mean +/- SD and [Range] of FR-Co X (mm)
Mean +/- SD and [Range] of FR-Co Y (mm)
Mean +/- SD and [Range] of FR-Co Z (mm)
Mean +/- SD and [Range] of FR-Co Overall 
(mm)
 
* Statistically significant 
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Table 8.  Comparison of the foramen rotundum to the anterior condyle 
distance using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 32.54 ± 4.45             
[22.94 - 41.75]
33.50 ± 3.82            
[25.09 - 41.31]
0.011*
Class II 33.15 ± 3.68             
[22.19 - 38.61]
34.49 ± 3.67            
[27.44 - 41.33]
0.003*
P-value 0.460 0.113
Time point T1 T2 P-value
Class I 15.15 ± 3.95              
[7.93 - 22.78]
15.51 ± 4.07              
[8.18 - 25.88]
0.671
Class II 14.88 ± 4.00              
[7.75 - 22.20]
15.25 ± 3.59             
[7.46 - 22.01]
0.265
P-value 0.683 1.000
Time point T1 T2 P-value
Class I 10.06 ± 3.66                 
[4.85 - 21.77]
10.19 ± 3.42                 
[3.59 - 17.82]
0.925
Class II 10.09 ± 3.01                
[2.89 - 19.50]
9.92 ± 3.61               
[2.38 - 18.13]
0.950
P-value 1.000 0.969
Time point T1 T2 P-value
Class I 37.66 ± 4.40                 
[30.46 - 46.26]
38.67 ± 3.62                 
[31.73 - 45.93]
0.001*
Class II 38.04 ± 3.62                
[30.97 - 46.45]
39.35 ± 3.31               
[32.77 - 47.01]
<0.001*
P-value 0.423 0.106
Mean +/- SD and [Range] of FR-Ac X (mm)
Mean +/- SD and [Range] of FR-Ac Y (mm)
Mean +/- SD and [Range] of FR-Ac Z (mm)
Mean +/- SD and [Range] of FR-Ac Overall 
(mm)
 
* Statistically significant 
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Table 9.  Comparison of the foramen rotundum to the posterior of the condyle 
distance using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 25.52 ± 3.29             
[18.94 - 32.69]
25.50 ± 2.84            
[19.92 - 31.46]
0.888
Class II 26.53 ± 3.29            
[19.80 - 33.55]
26.21 ± 3.10            
[20.20 - 34.56]
0.593
P-value 0.239 0.582
Time point T1 T2 P-value
Class I 25.03 ± 3.86             
[17.17 - 31.12]
25.03 ± 3.86            
[17.17 - 32.12]
0.258
Class II 25.16 ± 4.41           
[18.77 - 35.11]
25.71 ± 4.00           
[18.64 - 37.42]
0.198
P-value 0.802 0.470
Time point T1 T2 P-value
Class I 10.25 ± 4.37                 
[2.61 - 21.99]
10.02 ± 4.14                 
[0.04 - 20.45]
0.545
Class II 10.21 ± 3.89                
[0.88 - 21.48]
10.11 ± 4.21                
[1.08 - 20.58]
0.888
P-value 0.950 0.346
Time point T1 T2 P-value
Class I 37.83 ± 3.23                 
[31.24 - 43.11]
37.83 ± 3.44                 
[29.23 - 42.82]
0.106
Class II 38.38 ± 3.51                
[32.11 - 49.98]
38.49 ± 3.42               
[30.89 - 48.69]
0.718
P-value 0.265 0.226
Mean +/- SD and [Range] of FR-Pc X (mm)
Mean +/- SD and [Range] of FR-Pc Y (mm)
Mean +/- SD and [Range] of FR-Pc Z (mm)
Mean +/- SD and [Range] of FR-Pc Overall 
(mm)
 
* Statistically significant 
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Table 10.  Comparison of the foramen rotundum to the anterior of the glenoid 
fossa using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 32.54 ± 4.45             
[22.94 - 41.75]
33.49 ± 3.81            
[25.09- 41.31] 0.011*
Class II 33.15 ± 3.69           
[22.17 - 38.61]
34.49 ± 3.67            
[27.44 - 41.33] 0.002*
P-value 0.460 0.109
Time point T1 T2 P-value
Class I 11.05 ± 3.94              
[3.14 - 18.19]
11.22 ± 3.99              
[4.74 - 22.69] 0.950
Class II 10.92 ± 4.19             
[3.53 - 18.94]
11.24 ± 3.85             
[2.07 - 18.35] 0.278
P-value 0.925 0.615
Time point T1 T2 P-value
Class I 10.06 ± 3.66                 
[4.85 - 21.77]
10.19 ± 3.42                 
[3.59 - 17.82] 0.919
Class II 10.09 ± 3.01                
[2.89 - 19.50]
9.92 ± 3.61               
[2.38 - 18.13] 0.950
P-value 1.000 0.931
Time point T1 T2 P-value
Class I 36.20 ± 4.40                 
[28.71 - 45.39]
37.13 ± 3.68                 
[30.66 - 44.92] 0.001*
Class II 36.68 ± 3.67                
[28.91 - 44.99]
37.99 ± 3.42               
[31.57 - 45.41] <0.001*
P-value 0.354 0.064
Mean +/- SD and [Range] of FR-Af X (mm)
Mean +/- SD and [Range] of FR-Af Y (mm)
Mean +/- SD and [Range] of FR-Af Z (mm)
Mean +/- SD and [Range] of FR-Af Overall 
(mm)
 
  * Statistically significant 
 37 
Table 11.  Comparison of the foramen rotundum to the posterior of the condyle 
distance using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 25.52 ± 3.29             
[18.94 - 32.69]
25.49 ± 2.84            
[19.92 - 31.46]
0.888
Class II 26.47 ± 3.27           
[19.80 - 33.55]
26.27 ± 3.12           
[20.20 - 34.56]
0.850
P-value 0.271 0.540
Time point T1 T2 P-value
Class I 28.13 ± 4.22             
[19.59 - 35.55]
29.00 ± 4.09            
[18.72 - 37.95]
0.044*
Class II 28.25 ± 4.54            
[20.49 - 37.21]
29.09 ± 4.38           
[20.68 - 41.70]
0.066
P-value 0.671 0.649
Time point T1 T2 P-value
Class I 10.25 ± 4.37                
[2.61 - 21.99]
10.02 ± 4.14               
[0.04 - 20.45]
0.540
Class II 10.38 ± 3.85                
[0.88 - 21.48]
9.93 ± 4.23                
[1.08 - 20.58]
0.519
P-value 0.660 0.759
Time point T1 T2 P-value
Class I 39.77 ± 3.58                 
[31.95 - 45.06]
40.24 ± 3.64                 
[31.59 - 45.53]
0.018*
Class II 40.48 ± 3.57                
[33.61 - 51.48]
40.83 ± 3.70               
[32.34 - 52.05]
0.232
P-value 0.307 0.232
Mean +/- SD and [Range] of FR-Pf X (mm)
Mean +/- SD and [Range] of FR-Pf Y (mm)
Mean +/- SD and [Range] of FR-Pf Z (mm)
Mean +/- SD and [Range] of FR-Pf Overall (mm)
 
 * Statistically significant 
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Table 12.  Comparison of the foramen rotundum to the superior of the glenoid 
fossa using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 29.45 ± 3.25             
[23.44 - 36.16]
29.99 ± 2.84            
[25.18 - 37.67]
0.136
Class II 30.24 ± 3.11           
[23.37 - 36.91]
30.68 ± 2.95           
[25.12 - 37.05]
0.258
P-value 0.182 0.307
Time point T1 T2 P-value
Class I 20.12 ± 3.95             
[12.97 - 26.64]
20.50 ± 4.09            
[12.84 - 30.48]
0.551
Class II 20.04 ± 4.15           
[13.09 - 28.00]
20.45 ± 4.09           
[13.26 - 31.89]
0.177
P-value 1.000 0.718
Time point T1 T2 P-value
Class I 4.13 ± 2.83                 
[0.00 - 12.62]
3.52 ± 2.78                
[0.00 - 11.02]
0.203
Class II 3.97 ± 2.56                
[0.05 - 10.82]
3.69 ± 2.41               
[0.29 - 10.00]
0.509
P-value 0.676 0.346
Time point T1 T2 P-value
Class I 36.23 ± 3.19                
[30.57 - 42.85]
36.81 ± 2.99                
[31.33 - 42.59]
0.008*
Class II 36.79 ± 3.34               
[30.67 - 44.40]
37.34 ± 3.03               
[31.23 - 44.62]
0.018*
Table 1
Mean +/- SD and [Range] of FR-Sf X (mm)
Mean +/- SD and [Range] of FR-Sf Y (mm)
Mean +/- SD and [Range] of FR-Sf Z (mm)
Mean +/- SD and [Range] of FR-Sf Overall (mm)
 
 * Statistically significant 
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Table 13.  Comparison of the condylion position to the genial tubercles distance 
using Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
Time point T1 T2 P-value
Class I 48.45 ± 4.89           
[39.51 - 61.77]
49.57 ± 5.18            
[35.92 - 59.41]
0.271
Class II 47.65± 4.86             
[36.67 - 59.44]
47.99 ± 4.60           
[40.51 - 57.32]
0.660
P-value 0.530 0.140
Time point T1 T2 P-value
Class I 60.85 ± 9.13            
[38.56 - 74.79]
59.79 ± 9.24            
[39.59 - 80.89]
0.480
Class II 60.65 ± 9.62           
[41.20 - 78.48]
59.54 ± 8.35          
[43.48 - 78.66]
0.489
P-value 0.962 0.814
Time point T1 T2 P-value
Class I 66.20 ± 8.38                 
[46.86 - 82.25]
71.09 ± 8.29               
[50.89 - 95.42]
0.003*
Class II 66.14 ± 7.40               
[49.25 - 79.01]
71.75 ± 8.95               
[52.33 - 93.10]
0.001*
P-value 0.875 0.647
Time point T1 T2 P-value
Class I 102.80 ± 6.11                 
[92.01 - 114.68]
105.98 ± 5.68                 
[98.08 - 117.17]
<0.001*
Class II 102.24 ± 6.18              
[91.52 - 113.48]
105.50 ± 5.73               
[97.63 - 116.20]
<0.001*
P-value 0.023* 0.066
Mean +/- SD and [Range] of Co-Ge X (mm)
Mean +/- SD and [Range] of Co-Ge Y (mm)
Mean +/- SD and [Range] of Co-Ge Z (mm)
Mean +/- SD and [Range] of Co-Ge overall (mm)
 
 * Statistically significant 
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Table 14. Comparison of the anterior condyle relative to the anterior glenoid 
fossa distance using the Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
  Mean +/- SD and [Range] of Ac-Af Y (mm)   
Time 
point 
T1 T2 P-value 
Class I 
4.05 ± 1.14                
[2.21 - 6.54] 
4.28 ± 0.94                
[2.17 - 6.26] 
0.285 
Class II 
3.97 ± 1.15               
[1.57 - 6.39] 
4.01 ± 1.13               
[1.68 - 7.09] 
0.572 
P-value 
0.451 0.113   
 
 * Statistically significant 
 
 
Table 15.  Comparison of the posterior condyle relative to the posterior glenoid 
fossa distance using the Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
  
Mean +/- SD and [Range] of Pc-Pf Y (mm)   
Time 
point 
T1 T2 P-value 
Class I  
3.10 ± 0.91                
[1.18 - 5.24] 
3.46 ± 0.66                
[1.72 - 5.12] 
0.008* 
Class II 
3.24 ± 0.91               
[1.37 - 4.89] 
3.30 ± 0.80               
[1.61 - 5.10] 
0.582 
P-value 
0.499 0.209   
 
* Statistically significant 
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Table 16.  Comparison of the condylion to the superior of the glenoid fossa 
distance using the Related Samples Wilcoxon Signed Rank Test at α = 0.05 
 
  Mean +/- SD and [Range] of Co-Sf Z (mm)   
Time 
point 
T1 T2 P-value 
Class I 
2.84 ± 0.63                 
[1.79 – 5.00] 
2.98 ± 0.89                
[1.49 – 6.56] 
0.153 
Class II 
2.80 ± 0.72                
[1.62- 4.19] 
2.80 ± 0.70                
[1.72 – 4.20] 
0.857 
P-value 0.896 0.447   
 
* Statistically significant 
 
 
Discussion 
 
Incidence and Treatment Modalities 
Due to the dentoalveolar or skeletal asymmetries involved in Class II subdivision 
patients, clinicians have traditionally found it very difficult to treat this particular 
malocclusion.16,17  There have been very few studies that have looked at specific 
corrective treatment modalities for Class II subdivision malocclusions in a patient 
population.15,21,22  The past and current corrective modalities have relied heavily on 
extractions, elastics, functional appliances, and maxillary molar distalizing 
appliances.15,21,22  This study confirmed these treatment approaches, however, a strong 
trend can be seen in the utilization of elastics and distalizing mechanics as the most 
common treatment modalities. Of 137 treatment modalities (proposed and used) 101 
corresponded, giving a 74% chance of the original treatment plan being followed.  The 
main reason for not having a higher correlation from treatment plan to clinical treatment 
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is that many times, Class II elastics were overlooked in the diagnostic record but later 
used clinically.  
Treatment time for the Class II subdivision patients in this study was 30 months ± 
10 months.  This treatment time appears to be longer than that published by Wegener, et 
al for Class I, II, and III patients: 26 ± 13.4, 29.9 ±12.2, and 28 ± 17.0 respectively.23 
This lengthy treatment time may possibly be due to the difficulty of treating asymmetric 
malocclusions. 16,17   
 
3D CBCT Images 
Historically several studies can be found, which have evaluated various joint 
positions, volumes, asymmetries, and morphologies using lateral cephalograms, 
tomographs, axial CT, and CBCT images.12-14,24-27  There are also a few previous studies 
that have looked at the effect of orthodontic treatment on the TMJ, specifically with MRI 
scans.28-30A method of measuring CBCT images accurately was discovered by 
Fernandez, et al.  Their study found that constructing multiplanar images of 0.2-0.3 
voxels from a CBCT volume and comparing with direct caliper measurements in dried 
skulls was an accurate method of obtaining measurements.31  
This CBCT study continued the endeavors to find correlations of treatment on the 
TMJ complex, by evaluating the bony landmarks through utilization of a specific 
computed coordinate system on multiplanar 2D CBCT slices to render 3D measurements.  
Several statistically significant differences were found in condylar position, 
glenoid fossa position, and mandibular jaw length changes across the pre-treatment (T1) 
and post-treatment (T2) points.  The “overall” 3D measurements were instrumental in 
finding the majority of highly statistically significant differences across the time points.  
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Nine of the 12 TMJ complex overall measurements were statistically significant 
(75%) and all of the mandibular length (overall and vertical) measurements were highly 
statistically significant.  Most of the measures that were statistically significant presented 
across the pre-treatment and post-treatment time points in both the Class I and Class II 
sides. It can be assumed from this trend and results of several published articles that the 
mechanics of treatment or normal growth affects these structures similarly.32-34 The 
parameter of the Foramen Rotundum to the posterior of the condyle (FR-Pc) in all planes 
and in the overall measure exhibited no statistical significance.  However, in the TMJ 
space, Pc-Pf demonstrated a very small yet statistically significant difference in the Class 
I side only, across T1 and T2.  When all considered, this suggests that the posterior aspect 
of the condyle encounters the least amount of structural and positional change during 
Class II treatment.   
Only one statistically significant difference was found when comparing the Class 
I with the Class II sides in the T1 time point.  This was the condylion to genial tubercle 
(Co-Ge) overall measure, however, the difference was small (0.56mm) This suggests a 
trend of slightly more growth of the mandible on the Class I side than Class II side (Table 
20).   
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Figure 11.  Co-Ge overall comparisons at T1 between Class I and Class II 
 
 
No statistically significant differences were seen solely on the Class II side, 
however, three statistically significant differences were found only on the Class I side.  
These are: the FR-Pf anterior-posterior plane, FR-Pf overall, and the Pc-Pf anterior-
posterior plane measurements.  When taking these three measures into consideration, it 
suggests a trend of more posterior movement of the fossa on the Class I side when 
compared to the Class II side.  
The joint space measurements showed no clinically significant differences.  There 
have been varying results in the literature when observing joint space changes. Arici et al. 
found that after fixed functional appliances were utilized, when volumes of the anterior 
and posterior joint spaces changed the condyle could be found in a more posterior 
position in the glenoid fossa than the control group.35  This is directly contrasted by 
LeCornu et al, which found that after Herbst treatment the condyles and glenoid fossa 
were more anterior positioned.36  A recent study, conducted as a meta-analysis of 
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published articles on patients treated with fixed mandibular repositioning appliances, 
demonstrated that joint positions and morphology were contradictory.37  The articles 
failed to demonstrate conclusively the TMJ response to fixed mandibular repositioning 
appliances.37 
Clinical significance was lacking in most of the parameter changes.  Two 
exceptions were the mandibular length measurements across the pre-treatment and post-
treatment Class I and Class II sides respectively. These were the condylion to genial 
tubercle (Co-Ge Z) in the vertical plane and the condylion to genial tubercle (Co-Ge) 
overall measurements.  A two dimensional CBCT study conducted by Bowen et al, using 
Twin-block treatment in Class II subdivision patients, observed a similar increase in 
condylar height.38  An increase in mandibular length was also observed in several fixed 
appliance studies that were subsequently attributed to natural growth.32-34  
In this study, the measurements show vertical and overall changes between 
3.18mm to 5.61mm.  These clinically significant changes are likely due to vertical growth 
patterns, but more research needs to be accomplished to further substantiate this finding.  
The findings of this paper regarding the TMJ complex coincide with three 
published studies that showed that the TMJ complex is highly adaptable during 
orthodontic and orthopedic treatment, especially in growing children.24,25,29 
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Conclusions 
 The following conclusions can be made from this study: 
1. Over the seven year time frame of this retrospective study conducted at Loma 
Linda University, it was determined that approximately 5% of the Class II 
malocclusion patients could be categorized as Class II subdivision patients.  
2. The original treatment plans were followed fairly closely (74% of the time), for 
the Class II subdivision malocclusion patients treated at LLU.  Class II elastics 
were not always diagnosed on the treatment plan, which gave the largest 
reduction in correlation. 
3.  Regardless of the treatment modality used, 5 of the 21 (24%) of patients were 
corrected, orthodontically, from a skeletal Class II to Class I. 
4. Within the confines of this study, a Class II subdivision condition and treatment 
do not seem to be of any clinical consequence to the TMJ complex position and 
joint space. The condylion to genial tubercles (Co-Ge) in the vertical plane and 
the overall computed measurements established a clear clinical significance in 
that the changes were from 3.18-5.61mm.  However, the change in mandibular 
length observed in this study was likely attributed to normal growth.  
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CHAPTER THREE 
EXTENDED DISCUSSION 
Study Improvements and Future Discussion 
In this study, there was a wide range of ages (growing vs non-growing patients) 
and treatment modalities.  There were also some image resolution and grayscale 
differences between the NewTom 3G and 5G units. Some improvements could be 
addressed in another study to increase the overall clinical significance.   
Shape and morphology of the condyle varied greatly from patient to patient and 
from right to left side. In this study it was difficult maintaining a systematic and uniform 
method of determining the most distal and mesial of the condyle, which contributed to 
reducing the reliability of the ICC measurements.  In retrospect, using a thicker CBCT 
slice in the condyle volume would have reduced the variability of the ICC measurements.   
Another method of increasing clinical significance would be to limit the study to 
an all growing or all non-growing population that utilized a common modality of 
treatment.  This would allow the examiner to more readily and reliably make predictions 
about joint position and morphological changes.   
This was a quantitative study, which was useful in obtaining hard data.  
Superimpositions of the TMJ complex would increase the studies usefulness and visual 
components, while creating a qualitative representation.   
Another interesting corollary would be to include an MRI study on each patient to 
better appreciate what is happening to the TM disc in this group of patients when 
undergoing the treatment.  
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As more studies are accomplished using the newer technologies available, a new 
understanding could be achieved in relating orthodontic movements with any negative or 
positive sequelae in joint positions.  This could allow clinicians to achieve a more 
predictable treatment outcome in regards to the TMJ complex.  
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